[aa, abdominal aorta; aao, ascending aorta; ba, basilar artery; ca, caudate nucleus; co, cochlea; cp, choroid plexus; da, descending aorta; di, diencephalon; dp, diaphragm; e, esophagus; eb, eye ball; em, eye muscles; fem, femur; g, spinal ganglion; gb, gall bladder; ghj, glenohumeral joint; go, gonad; I, 1 st ventricle; ihm, infrahyoid muscles; II, 2 nd ventricle; III, 3 rd ventricle; in, intestine; IV, 4 th ventricle; ivc, inferior vena cava; ki, kidney; lat, left atrial appendix; li, liver; llu, left lung; lol, lower limb; ls, lymph sac; lvc, left vena cava superior; ma, mandible; mv, mesenterial vessel; nc, nasal cavity; ns, nasal septum; ob, occipital bone; on, optic nerve; p, pinna; pc, pancreas; pm, pectoralis muscle; pmg, para-aortal bodies; pt, pulmonary trunk; rat, right atrial appendix; rf, retinal fibres; rho, rhombencephalon; ri, rib; rlu, right lung; rv, right ventricle; rvc, right vena cava superior; sag, salivary gland; sc, spinal chord; sg, suprarenal gland; spl, spleen; st, subcutaneous tissue; sto, stomach; t, tail; ta, tooth primordium; tel, telencephalon; tg, trigeminal ganglion; th, thymus; to, tongue; tr, trachea; ty, thyroid gland; ua, umbilical artery; ul, upper limb; ur, ureter; uv, umbilical vein;va, vertebral artery; vc, body of vertebra; vcj, costovertebral joint] .
Supplementary Fig. 2.
Virtual sagittal re-sections through HREM data of wild-type E14.5 mouse embryos. Selected important features are labelled. a. Resection through the embryo displayed in the inlay on the left. Note the section plane (p). Scalebar = 1 mm. Magnifications of the boxed areas are displayed as inlays on the right. Most cranial box corresponds to uppermost inlay. Note the internal carotid artery (ica), vertebral artery (va), spinal ganglion (g2) and spinal nerve (sn2) C2, diaphragm (dp), and ureter (ur) in the center of the pelvis of the kidney (ki). b. Anterior cerebral artery (aca) and pineal gland anlage (pg). Note the commissural fibers (cf), and adenohypohysis (ah). c. Nerve fibers innervating the vibrissae (vf) and cranial nerves IX, X, XI inside and below the jugular foramen. Note the ganglion of the vagus nerve (arrowhead), trigeminal ganglion (tg), and the eye muscles that surround the optic stalk (os). d. Urethra (ura), rectum (rec), and urinary bladder (ub). Note the distally enlarged mesonephric duct (md). e. Larynx (la). Note the laryngopharynx (lp) and the remnants of the notochord (nco) in the forming vertebral column. f. Lumbar part of diaphragm (pld). Note the openings for esophagus (e) and descending aorta (da). g. Eye (eb) and shoulder. Note the infraspinatus muscle below the spina scapulae (scs). h. Radius (ra) and ulna (ua), tibia (ti) and fibula (fi). Note the cubital joint and the knee joint.
[aca, anterior cerebral artery; ah, adenohypohysis; at, atrial appendix; cf, commissural fibers; cl, clavicle; co, cochlea; cv, cardiac ventricle; c1, atlas; da, descending aorta; di, diencephalon; dp, diaphragm; du duodenum; e, esophagus; eb, eye ball; fem, femur; fi, fibula; g2, spinal ganglion; hb, hyoid bone; hu, humerus; ica, internal carotid artery; III, 3 rd ventricle; ivc, inferior vena cava; ki, kidney; la, larynx; li, liver; lol, lower limb; lp, laryngopharynx; lu, lung; ma, mandible; md, mesonephric duct; me, mesencephalon; nco, notochord; ns, nasal septum; os, optic stalk; pa, palatine; pc, pancreas; pg, pineal gland anlage; pld, Lumbar part of diaphragm; ra, radius; rec, rectum; rho, rhombencephalon; ri, rib; scs, spina scapulae; sg, suprarenal gland; sn2, spinal nerve; ti, tibia; tel, telencephalon; tg, trigeminal ganglion; to, tongue; ua, ulna; ub, urinary bladder; ul, upper limb; ur, ureter; ura, urethra; uv, umbilical vein; va, vertebral artery; vc; body of vertebra; vf, nerve [aa, abdominal aorta; am, abdominal muscles; ca, caudate nucleus; co, cochlea; cp, choroid plexus; cv, cardiac ventricle; di, diencephalon; dp, diaphragm; eb, eye; em, eye muslces; go, gonad; I, 1 st ventricle; ic, internal capsule; if, interventricular foramen; II, 2 nd ventricle; ki, kidney; li, liver; le, lens; ma, mandible; mca, middle cerebral artery; md, mesonephric duct; nc, nasal cavity; pa, pancreas; pmg, para-aortic bodies; rho, rhombencephalon; ri1, 1 st rib; sc, spinal chord; se, semicircular canals; sto, stomach; tel, telencephalon; th, thalamus; to, tongue; ul, upper limb; ur, ureter; vc, body of vertebra; VII, cranial nerve 7; VIII, cranial nerve 8]. Supplementary Fig. 4 . Flow diagram of phenotyping protocol. Analysis proceeds from initial examination of embryo external appearance from 3D modelling to systematic examination of the HREM section image stack (in an overall rostrocaudal sequence). Organs and tissues to be assessed are listed in Table1. After completion of the axial sequence, Virtual resection data corresponding to sagittal and coronal section planes are similarly reviewed, following the checklists outlined (Table 1) . Abnormal adrenal gland morphology 1
Pds5b
Growth retardation of single organs 3
Subcutaneous edema 3
Small superior cervical ganglion 3
Perimembranous ventricular septal defect 3
